We assessed trends in the relative prevalences of HIV-1, HIV-2 and dual HIV-1/HIV-2 infection in 10,321 women attending outpatient clinics in Senegal between 1990 and 2009. The relative prevalence of HIV-1 (defined as the proportion of seropositive subjects having HIV-1) rose sharply from 38% in 1990 until 1993 (P , 0.001), whereupon it continued to rise, but at a slower rate, reaching 72% of HIV infections in 2009. As compared with HIV-1, the relative prevalence of HIV-2 decreased sharply from 54% in 1990 until 1993 (P , 0.001) and continued to decrease at a slower rate through 2009. The relative prevalence of dual infection, as compared with HIV-1, was stable from 1990 to 1993, but decreased slightly thereafter (P , 0.001). These study findings indicate that during the early 1990s, the relative prevalence of HIV-1 increased markedly, while the relative prevalence of HIV-2 decreased and the relative prevalence of dual infection remained stable in Senegal. From 1993 to 2009, the relative prevalence of HIV-1 increased at a slower rate, while the relative prevalences of HIV-2 and dual infection decreased. These results confirm trends in HIV prevalence observed in other West African populations and provide a critical update on HIV transmission risk among women in Senegal.
INTRODUCTION
Worldwide, the majority of the $34 million people living with HIV are infected with HIV type 1. 1 In West Africa, however, HIV type 2 is endemic and HIV-1 was more recently introduced; 2 -5 this has resulted in the presence of HIV-1/HIV-2 dual infection in addition to single infection with one of the two types. Relative to HIV-1, HIV-2 is associated with a slower rate of progression to AIDS 6, 7 and less efficient vertical and sexual transmissions, which may be related to the lower plasma 8 -12 and genital tract 11, 13 viral loads that characterize HIV-2. Although less research has been conducted in dually infected individuals, some data suggest that dual infection progresses at a rate comparable with that of HIV-1 monoinfection. 14 -17 Over the past 20 years, an increase in the prevalence of HIV-1 and a decrease in the prevalence of HIV-2 has been reported in several West African countries, including Guinea-Bissau, 18 -21 the Ivory Coast 22 and the Gambia. 23, 24 In Senegal, research on the trends in HIV prevalence has been limited and results have been mixed. A 20-year study of commercial sex workers (CSWs) in Dakar provided evidence of a divergence in the prevalence of HIV-1 and HIV-2, 25 but sentinel surveillance performed from 1989 to 1996 did not show a similar divergence. 26 Outside of this CSW population, no seroprevalence data exist on trends in HIV prevalence in Senegal since 1996. Moreover, changes in the prevalence of dual HIV-1/HIV-2 infection have not been well studied in Senegal, although data from other West African countries suggest a stable or increasing trend in prevalence. 22, 23 We investigated trends in HIV-1, -2 and dual HIV-1/HIV-2 infection prevalences in Senegal using screening data from seven (completed and ongoing) research studies conducted between 1990 and 2009 among women presenting to outpatient clinics in and around Dakar. These data were collected for research purposes other than to track changes in incidence or prevalence of HIV-1, -2 and dual infection, and therefore the characteristics of the screened population differed between studies and within several studies. Due to these limitations, we estimated the relative prevalences of HIV-1, -2 and dual infection in order to make unbiased comparisons over the 20-year period. Changes in the relative prevalences were interpreted using the prevalence data of a subset of subjects that were screened for HIV in an unbiased way.
METHODS

Study population
To study trends in HIV prevalence in Senegal, we combined HIV screening data from seven studies conducted in and around Dakar from 1990 to 2009. Subjects were recruited from the outpatient populations of eight clinics, which we will refer to in an abbreviated fashion and which are summarized in Table 1 .
These populations have been previously described in the literature, although the sample size of the populations included in the present study differs from those described in relevant publications due to missing HIV screening data for some subjects. All but one study included only women. To avoid bias, in the present analysis we have only included studies in which the participants were screened without regard to suspected or known HIV infection and/or type, and further, as data in men were limited to a single five-year study, we have limited the current analysis to women only. The screened populations included in the analysis are listed (Table 2 ) and any previous publications describing them are referenced.
Data collection
Procedures for collection of subject demographic, medical and sexual behaviour data 27 -29,31,33,34 and blood sample testing 27, 31, 34 have been previously described. Briefly, subjects completed a standardized interview and blood samples were collected and tested for antibody to HIV-1 and HIV-2, either using an enzyme-linked immunosorbent assay (ELISA; Genetic Systems, Seattle, WA, USA) or a microwell plate enzyme immunoassay (EIA: HIV 1/2 EIA; Sanofi Diagnostics Pasteur, Paris, France). For the subjects screened in the first study and some of the subjects screened in the second (see ref. 28 for a description of these subjects), positive results were confirmed with a Western blot (Genetic Systems) and for all studies HIV-1 and HIV-2 were distinguished by a peptide-based assay, although the specific assay used varied by study (Genie II, Genetic Systems; Multispot, Sanofi Diagnostics Pasteur; Immunocomb II, bispot, Orgenics, Yavne, Israel). Dual HIV-1/ HIV-2 infection was defined as confirmed dual seropositivity to HIV-1 and HIV-2 by the testing procedures described above.
Statistical methods
For each year from 1990 to 2009, the relative prevalences of HIV-1, -2 and dual HIV-1/HIV-2 infection were calculated for all subjects who were screened. Relative, rather than absolute, prevalence was calculated in order to make unbiased comparisons across studies with different screened populations. Binary logistic regression was used to describe the trends in the relative prevalences of HIV-1. Because the type-specific relative prevalences of the three HIV infection types are not independent (since they must sum to 100%), we used multinomial regression to describe the trends in the relative prevalences of HIV-2 and dual infection as compared with the relative prevalence of HIV-1 infection. For both the binary and multinomial logistic regression analyses, all possible one-knot spline models were fit to describe trends in relative prevalence. The model having the largest likelihood ratio statistic was chosen as the best fit for the relative prevalence of HIV-1 and for the relative prevalence of HIV-2, and dual infection relative to that of HIV-1. Age and birthplace outside of Senegal were considered as a priori confounders in adjusted models. Commercial sex work was not considered as a possible confounding STI ¼ sexually transmitted infection Ã All female subjects in this study were also enrolled in study number 2 (Natural History of Cervical Neoplasia in HIV-1 and HIV-2). Therefore, the numbers of subjects in each study population do not sum to the total number of subjects. The earliest screening year of subjects enrolled in both studies was used for analysis Senegal, 1990 Senegal, -2009 variable because both CSWs and non-CSWs were screened over only six years of the 20-year study, thus preventing adequate adjustment for this variable. To interpret changes in the relative prevalence of HIV from 1990 to 2009, the absolute prevalences of HIV-1, -2 and dual infection were calculated for the Dakar IHS STI clinic, a site where there was no change in the screened population over time. All possible binary logistic regression spline models were fit to describe trends in absolute prevalences and a best fit model was chosen for the prevalence of each HIV infection type. We used t-tests to compare proportions. All analyses were twosided and used a P , 0.05 level of statistical significance. Analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC, USA).
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RESULTS
A total of 10,312 women were screened for HIV, 942 of whom were found to be infected with HIV-1, 267 with HIV-2 and 107 with dual HIV-1/HIV-2 infection (Table 3) . HIV prevalence varied greatly by screening site and was low among asymptomatic subjects presenting to general health clinics (Pikine 0.4% and ASBEF 1.7%), and higher among symptomatic subjects presenting to outpatient hospital clinics (Dantec 5.9% and Fann 15.9%) and among CSWs screened at four public health clinics (12.5-19.4%). Among subjects who were HIVpositive, HIV-2-infected subjects were older relative to those with HIV-1 infection (mean ages of 37.5 and 34.4 years, respectively; P , 0.001). HIV-1-infected subjects were less likely to be CSWs relative to subjects with either HIV-2 or dual infection (33.8% of HIV-1-infected subjects versus 53.6% of HIV-2 and 55.1% of dually infected subjects; P , 0.001 for both the comparison of HIV-1 with HIV-2, and for the comparison of HIV-1 with dual infection) and these associations persisted even after adjustment for age. There were no other significant differences by HIV type with regard to subject age, country of birth or commercial sex work. Because these prevalence data were not collected from a single population over time, it was not possible to distinguish a true change in prevalence from one due to a change in the underlying risk of HIV infection among the screened individuals. We therefore focused our analysis on the investigation of trends in the relative prevalences of HIV-1, -2 and dual infection (Table 4, Figure 1) .
Because the relative prevalences of HIV-1 and HIV-2 appeared to change during the 1990s and stabilize thereafter (Table 4 , Figure 1) , we sought to identify a year marking a change from a period of trend to a period of stabilization in the relative prevalences of HIV-1 and HIV-2 infections. We also sought to confirm our subjective assessment that there was little change in the relative prevalence of dual HIV infection over the time period. To this end, we found the best fit binary logistic regression model for the odds of infection with HIV-1 and best fit multinomial logistic regression model for the odds of all three HIV infection types, allowing for two periods of differing slope. For HIV-1, dividing the screening years into two periods at 1993 resulted in the best fit adjusted model; from 1990 to 1993, the relative prevalence of HIV-1 increased markedly (odds ratio [OR] associated with a 1-year change in time ¼ 1.71, P , 0.001) and continued to increase, albeit at a slower rate (OR ¼ 1.08, P , 0.001), through 2009. In the multinomial logistic model of the relative prevalences, dividing the screening years into two periods at 1993 likewise yielded the best fit adjusted model. During the period from 1990 to 1993, the relative odds of HIV-2 infection decreased relative to that of HIV-1 (OR ¼ 0.54; P , 0.001), and continued to decrease slightly from 1993 to 2009 (OR ¼ 0.93; P , 0.001). The relative odds of dual infection was stable as compared with the relative odds of HIV-1 infection over the period from 1990 to 1993 (OR ¼ 0.80; P ¼ 0.14) but decreased thereafter (OR ¼ 0.91; P , 0.001).
To confirm that the overall trends we observed in the relative prevalence of the three HIV infection types were not due to mixing of various low-and high-risk study populations over time, we examined the trends in prevalences of subjects screened at a single clinic, the IHS STI clinic, where the screened population (CSWs) remained constant over time (Figure 2 
DISCUSSION
During the last 30 years, Senegal has been considered a success story in the fight against HIV/AIDS, as it has experienced a consistently low HIV prevalence (less than 1.5%) in the general population throughout the epidemic, although HIV prevalence among CSWs and men who have sex with men throughout Senegal is greater than 15%. 26, 31, 35, 36 A number of factors including political and social stability, the country's conservative sexual norms, early prevention efforts by the public health sector as well as non-governmental agencies (STI screening and treatment and condom provisions among CSWs, We aimed to investigate trends in the relative prevalences of HIV-1, -2 and dual infections in Senegal by analysing the screening data of 10,321 female outpatients attending clinics in and around Dakar between 1990 and 2009. In these outpatient populations, HIV prevalence was low (,2%) in asymptomatic subjects screened at general outpatients clinics and was greater in symptomatic subjects presenting to hospital-based clinics for care (6 -20%) and among CSWs (12 -20%) . Women infected with HIV-2 were older than those infected with HIV-1. A greater prevalence of HIV-2 infection in older age groups has been observed in other populations in West Africa 18, 19, 37 and has been explained by the endemicity of HIV-2 in the region and the slower progression of HIV-2 relative to HIV-1. 37 CSWs were more likely to be HIV-2 or dually infected compared with non-CSWs; this association between CSW and HIV infection type has been observed in other populations in Senegal 38, 39 and may be the result of differences in the transmission dynamics between the two viruses as well as differences in the numbers of sex partners and HIV exposure between CSW and non-CSW populations. 8, 11, 12 Over a 20-year period of HIV screening, we observed a marked increase in the relative prevalence of HIV-1 from 1990 to 1993, followed by a slight increase from 1993 to 2009. The relative prevalence of HIV-2 infection decreased markedly relative to that of HIV-1 through 1993, which was followed by a period of a slight decrease in relative prevalence. The relative prevalence of dual infection was stable as compared with that of HIV-1 from 1990 to 1993 and decreased thereafter. The trends we observed are mostly compatible with mathematical models which have predicted that, because HIV-2 is associated with substantially lower viral loads in the plasma and genital tract, and is thus less efficiently transmitted, 8 -13 in the long term HIV-1 will always outcompete and competitively displace HIV-2 when both viruses are circulating in the same population. 40 However, these models also suggest that it may take decades before HIV-2 is eliminated in a population, during which time HIV-1 would increase, HIV-2 prevalence would be fairly stable and then decrease, and dual infection would slowly increase and then decrease. Because these trends in relative prevalence could be attributable to a change in one, two or all of the HIV infection types, we used prevalence data collected from a subset of our study population, infectious disease clinic patients, to help interpret these trends. The prevalence data from this subset of patients suggest that the changes in HIV-1 and HIV-2 relative prevalences observed during the 1990s (during the 8 years in which HIV screening data were collected) were due to an increase in HIV-1 prevalence and a decrease in HIV-2 and dual infection prevalences during this period. The stability of the relative prevalences of HIV-1, -2 and dual infection in the 2000s are reflective of the stable prevalences observed in the subset of infectious disease clinic patients. Because only women were included in our study population, our findings with regard to trends of HIV-1 and HIV-2 in Senegal may be most generalizable to women. We were also unable to completely control for the possible effect of changes in patient characteristics over time on the trends in the relative prevalences due to limitations of our data. Specifically, we could not adequately adjust for the possible effect of CSW on the relative prevalences of HIV infection types over time because CSWs and non-CSWs were simultaneously screened over a period of only six years and restriction to either CSWs or non-CSWs would have resulted in the exclusion of five or seven years of data, respectively. Given that the rates of transmission of HIV-1 and HIV-2 infections between CSWs and the other subject populations over this time period are unknown, it is unclear to what extent this limitation may have biased our results. Additionally, during the course of these studies, a number of HIV peptide-based assays to categorize HIV-1 and HIV-2 seropositivity were utilized and the specific assay used varied by study. If these assays differed in their ability to distinguish HIV-1 from HIV-2, this may have biased our findings; however, given the high HIV-1 versus HIV-2 specificity of all assays used, assay differences are unlikely to have resulted in substantial misclassification of subjects.
Regardless of these shortcomings, this study does have a number of strengths: most notably its sample size, which, to our knowledge, is the largest of any HIV prevalence study conducted in Senegal. This study is also the first to present HIV screening data collected more recently than 2004 and the first to present screening data from a female population outside of CSWs since 1996. We were also able to confirm the results of other studies that demonstrated diverging trends in HIV-1 and HIV-2 prevalence in West Africa during the 1990s. This study provides further evidence of a stabilization of the prevalence of HIV infection types since 2000, which was previously demonstrated in Senegal. 25 Future research is needed to confirm recent trends in prevalence in other populations in Senegal.
Despite the decreasing trends we observed in the relative prevalence of HIV-2 infection, HIV-2 remains endemic in West Africa and 15 -30% of HIV seropositive women in Senegal are infected with HIV-2 or HIV-1/HIV-2 dual infection. However, to date there has not been a single randomized clinical trial of antiretroviral therapy (ART) for HIV-2 infection. Given that HIV-2-and dual HIV-1/HIV-2-infected individuals respond poorly to first-line ART, 41 ,42 the persistence of HIV-2 and dual infection observed in this study underlines the importance identifying HIV infection type before initiating ART in a Senegalese population and establishing evidence-based ART guidelines in HIV-2-and dually-infected individuals.
